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INTRODUCTION 
The earliest known written records of water purification can be 
dated to 2000 B.C. and are found in a collection of medical lore in 
Sanskrit. In these early records it was recommended that water be 
01 
stored in copper vessels, exposed to sunlight, filtered through char-
coal, and if particularly "foul waters" were encountered, it was 
reconmended that they be boiled. On the walls of Egyptian tombs, con-
structed between the 13th and 15th century B.C., drawings were found 
showing men siphoning settled water from large earthen vessels. Modern 
man cannot even be given credit for the original. idea of adding chemi-
cals to water in a settling basin in order to aid the settling process. 
The art of coagulation, as it is termed, was first practiced in China, 
when it was noted that alum added to a�water caused the formation of a 
flocculant precipitate that entrained suspended matter in the water as 
it settled. ( l) The basic principles of coagulation, sedimentation, 
{l) Baker, N. M., The Quest for Pure Water, Amer. Water Works 
Assoc., 1948, PP• 3-36.
filtration and disinfection as used in ages past are still the basic 
principles used in modern water treatment methods. 
The early, crude methods of water treatment were primarily used 
to improve the physical appearance of water, however, early man may 
have also suspected that dirty water had some connection with disease. 
In a modern care.fully controlled water treatment plant, the 
coagulation and sedimentation processes should produce a water with a 
turbidity of approximately five to ten standard turbidity units; bac­
terial reducti�n will usually be approximately sixty-five percent. <2) 
(2) Steel, E.W., Water Supp�y and Sewerage, 19531 p. 241.
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Obviously, a method of further treatment for water is necessary, and 
the most common method used is the sand filter. 
Two general types of sand :filters are in use for public water 
supplies, the slow sand filter and the rapid sand filter. The slow 
sand filter is a device, consisting of a layer of sand, through which 
water is :filtered at a relatively slow rate (.08 gallons per square 
foot of surface area per minute) , the filter being cleaned by manually 
scraping the thin layer of dirty sand from the surface. The rapid 
sand filter is a device consisting of a layer of sand through which 
water is :filtered at a much higher rate (2 gallons per square foot of 
surface area per minute) than is possible when using the slow sand 
type, the filter being cleaned by reversing the flow of water through 
the sand. This process is commonly termed backwashing. 
The outstanding features o:f operation of rapid sand filters that 
make them more desirable than slow sand filters are: lower first cost 
due to less lard area required for installation and smaller amounts of 
sand required for construction; the effluent is clearer and has less 
color; treatment can be more quickly adjusted to variation in the raw 
water quality; the obvious easier cleaning process. Most sand filters 
in present use are of the rapid sand type.(3)
(3) Ibid., PP• 243-262.
Rapid sand filters may be .further classified as gravity filters 
and pressure filters. Filters used for municipal supplies are al.most 
always of the gravity type, that is, the water passes through the 
tilter bed by the action of gravity alone. The pressure sand filter, 
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which is essentially an enclosed gravity unit utilizing pressure from 
the supply line to force water through the sand bed, was developed 
primarily in order to provide a portable water purification unit that 
could be used for military units in the field. 
One important disadvantage of the pressure sand unit is the low 
filtration rates necessary in order to remove certain pathogenic 
organisms, particularly the cysts of Endamoeba histolytica, the 
causitive organisms of amebic dysentery. The amebic cyst, as it is 
more commonly called, is forced through the sand layer in a pressure 
sand unit when it is operated at high filtration rates, and discharged 
along with the filtered water; subsequent chlorination of the water 
is effective against most other pathogens, but has no effect upon 
the amebic cyst and, therefore, it is necessary to rely upon fil-
tration as the means for removal. The standard United States �r� 
pressure sand filter unit (4) is designed to operat� at a filter rate 
(4) Military Water Supply and Purification, War Dept. T.M. 5-295,
August 19451 p. 108.
of fifteen gallons per minute, however, in order to remove the amebic 
cyst it must be operated at a rate of seven and one half gallons per 
minute. 
The need for a filter unit that could be operated at high fil-
tration rates and still remove the cysts of Endamoeba histolytica was 
clearly evident, and attempts were ma.de, principally by the British 
Government prior to World War II, to develop a suitable unit having 
these characteristics. (5)
(5) Martin, D. M., Portable Diatomite Filters for Emergency Use,
Water and Sewage Works, Vol. 98, Nov. 1951, PP• 485:::487•
04 
A completely different type of filter, using diatomaceous earth 
as the filter media, had been in use for many years for filtration of 
industrial liquids, however, the use of diatornaceous earth for water 
filtration purposes had been discouraged due to the rapid clogging of 
the filter material. "As late as 1930 it was reported that the very 
excellence of filtration with diatomite prevented its extensive use in 
water filtration except where complete elimination of bacteria and 
suspended matter is essentialn. ( 6) 
(6) Calvert, R., Diatomaceous F.arth, 19301 PP• 144-145.
Diatoma.ceous earth, however, seemed to exhibit the general
properties the research groups were seeking; in the refJ.ned state it 
exhibited great porosity, permeability, low apparent density and was 
as inert a substance as sand. Deposits of crude diatomite were found 
in almost every country on earth, but the largest and purest deposits 
known were located at Lompoc, California in Santa Barbara County. 
These deposits today are mined, dried, milled, purified and calcined, 
the end product being used as a filter media, as an additive to paint, 
as an insulating material and as an abrasive material for use in 
various polishes and cleaners. (?) The California deposits were 
(7) Huttl, J.B., Diatornite: Its Mining and Processing, Engineering
and Mining Journal, Vol. 1501 Aug. 1949, PP• 75-77.
formed millions of years ago in relatively shallow and quiet waters
along the coast line where conditions were such that vast quantities 
of minute plants, having the capacity to form shells of nearly opaline 
silica, thrived. The skeltal remains of these microscopic plants, or 
diatoms, accumulated on the bottom of sheltered bays and were raised 
05 
above water level by subsequemit movement of the earth's surface. 
Figure No. 1(8) is a photomicrograph showing the intricately designed 
{8) Story of Diatomite, Johns-Manville Products Corp. Bulletin No. 
FA-4lA, 1953, P• 4.
diatom shells which are typical of the hundreds of different types 
found in the California deposits. 
Figure No. l 
PHarCMICROORAPH OF TYPICAL LOMPOC, CALIFORNIA 
DIATOMACEOUS EARTH DEPOSITS 
It is interesting to note that at the beginning of World War II 
the British Government had adopted the diato.maceous earth water filter 
for use in a complete portable water treatment plant for field troops. 
A photograph of this portable water treatment unit is shown in Figure 
No. 2.(9) 
(9) Bell, G. R., Filter Aid Filtration of Water, Reprint from Pro­
ceedings of Fourteenth Annual Water Conference, Engineers Society
of Western Pennsylvania, Oct. 1953 1 p. 2.
Fligure No. 2 
BRITISH ARMY PORTABLE DIATOMITE FILTER 
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Success of the British unit led to an investigation by the United 
States to determine the feasibility of replacing the sand units used 
by the various armed services with a diatomite unit. Despite the fact 
that diatomi.te equipment of equal capacity weighed only a tenth as 
much as the standard sand filtration unit and produced a clearer water 
over a much wider range of rates of flow, it was not adopted until 
1944 when it was proven that diatomite filters definitely removed the 
cysts of Endamoeba histolytica. Figure No. 3(10) is a photograph of 
(10) Military Water Supply and Purification, War Dept. T. M. 5-295,
Aug. 1945, P• 135.
0? 
Figure No. 3 
U. S. ARMY PORTABLE DIATOMITE FILTER 
the diatomite filter unit adopted by this country for replacement of 
the army pressure sand filter. This particular diatomite unit is de­
signed to operate at a filter rate of fifty gallons per minute and 
will remove all amebic cysts at its design rate. 
The diatomaceous earth filter consists of sma.11 cylindrical ele­
m ents of porous material, termed septi, which are enclosed in a metal 
tank into which raw water is pumped. Before actual filtering of water 
may be accomplished, it is necessary to coat the septum elements with 
diatomite; this process is called precoating the filter and is accom­
plished by circulating a slurry of a predetermined amount of 
Figure No. 4 
FLOW DIAGRAM - 50 GPM U. S. ARMY 













Figure No. 5 
FLCM DIAGRAM - 50 GPM U. S. ARMY 









Figure No. 6 
FLOIT DIAGRAM - 50 GPM U. S. ARMY 







diatomaceous earth and water through the filter. The septum elements, 
which serve as a support for the filter media, allow water to pass but 
not diatomi.te. Figure No. 4 is a diagram illustrating the water flow 
during precoating of the unit shown in Figure No. 3. After the 
precoat operation is accomplished, filtration may be started and the 
flow diagram during production of filtered water is shown in Figure No. 
5. Units developed for use by the armed forces of the United States
are designed to feed a diatomite slurry continuously with the raw 
water being filtered, this causing the solid matter removed by the 
filter cake to remain porous and thus lengthening the filter run. 
British units are not designed to allow body feed, which is the term 
used to describe the process of continuously adding a slurry of dia­
tomite to the raw water. Cleaning of filter units is accomplished by 
reversing the flow of water through the filter, washing to waste the 
diatoma.ceous earth which has become clogged with the material filtered 
from the water. Figure No. 6 is a fl.ow diagram when backwashing the 
unit shown in Figure No. 3. 
Unfortunately, the diatomite filter has a few disadvantages that 
were not readily anticipated: 
1. Intricate parts are used in the construction of the diatomite
unit, thereby• eliminating to a large extent, the use of
field expedients in event of breakdown.
2. The used filter media, discharged during the backwash
operation, could not easily be reel.aimed and re-used and
therefore, it was necessary to provide new supplies
continuously.
3. If supplies of diatomaceous earth were not available, it
was not known what materials, if any, could be used as a
temporary substitute.
12.·
The purpose of this study is to investigate a group of materials, 
which possibly would be available in the field, that could be used 
as a substitute for diatomaceous earth in emergency conditions. The 
requirements that must be met by an acceptable substitute filter media 
are somewhat rigid; it must be capable of being used in existing 
equipment without modification; bacterial efficiency and turbidity 
rem.oval must be close to that obtained when using diatomi.te as the 
filter media; hydraulic flow requirements may be relaxed to a certain 
degree, but extremely rapid clogging of the filter or extremely low 
flow rates would not be acceptable. 
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REVIEW OF LITERATURE 
At the present time, water works engineering literature is almost 
completely void of references concerning a filter media as an emer-
gency replacement for diatomaceous earth in existing diatomite type 
filters. Several articles suggest the partial reclamation of used 
diatomite by sedimentation and filtration as well as wet and dry 
oxidation procedures for elimination of the organic matter present in 
the backwash sludge. These procedures cannot be considered readily 
adaptable to field conditions due to additional equipment require-
ments, and the recommendation that the unit be precoated with fresh 
diatomaceous earth, the reclaimed diatomite being used only for body 
feed. Only two articles suggett the use of a filter media other than 
diatoma.ceous earth in existing equipment. In the first of these 
articles, (11) a deposit of calcium silicate, which is located near
(11) Frazier, K. J., Diatornaceous Earth Filtration In New York
State, Journal Amer. Water Works Assoc., Vol. 46, Feb. 1954, p. 153.
Willsboro, New York, was considered as an emergency filter media for
diatomite units installed for filtration of the public water supply at
Willsboro. These deposits were considered because of the high cost of
transportation of diatoma.ceous earth from California to New York, and
the shortage of diatomite that existed during the Korean War. The
use of local deposits of calciwn silicate cannot be considered a
solution to the problem of an emergency filter media for portabl�
diatomite units used in the field because it would not be possible
for the United States Army to mine and process such deposits, if they
were found in the area, and the problem of packaging and supplying the
processed material wou1d still be in existence.
14 
The second of the articles(l2) that vaguely mentioned a replace-
(12) Sanchis, J. M. and Merrell, J. c., Studies on Diatomaceous
Earth Filtration, Journal Amer. Water Works Assoc., Vol. 43, July
1951, P• 495.
ment filter media for diatomite, was part of an extremely interesting 
study made for the city of Los Angeles, Galifornia by the Department 
of Water and POW'er. This study was ma.de for the purpose of gathering 
data which would pennit selection of the most effective and economical 
method for treatment of the Los Angeles water supply, if treatment in 
addition to chlorination would be required in the future. One phase 
of this broad study concerned the feasibility of using diatoma.ceous 
earth filters, and it was in the report concerning diatomite filtration 
that amorphous aluminum silicate powder was suggested as an alternative 
filter media. Amorphous aluminum silicate powder cannot be considered 
easily available under field conditions and, therefore, could not be 
classified as an emergency filter media for portable diatomi.t.e type 
water purif'ication units. 
ObTi.ously, the studies mentioned above were concerned primarily 
with the use of diatomaceous earth as the filter media. Actual filter 
studies utilizing the suggested alternative filter materials were not 
published, however, the methods of approaching the study of diatomite 
filtration are appl£cable, in most cases, to the study of a replace­
ment filter media. The characteristics of diatomaceous earth which 
have been investigated, can be listed as follows: 
1. Microscopic appearance.
2. Bacterial efficiency of filters using diatomaceous earth
as the filter media.
3. Effectiveness in removal of turbidity from water.
4. Hydraulic flow characteristics.
i.5 
5. Quantities of diatomite required for body feed in comparison
with raw water turbidity.
6. Quantities of diatomite required for precoat in comparison
with raw water turbidity.
Bacterial efficiencies of diatomaceous earth, when used as a 
filter media, have been most conmonly determined by comparison of the 
total number of bacteria or coliform organisms in the raw water to the 
total bacteria or coliforms in the filtered water. Bacterial effi-
ciencies that have been reported for diatoma.ceous earth filters vary 
from no bacterial reduction to ninety six percent bacterial reduction, 
(l3) depending upon the grade of diatomite used and the operating 
(13) Kiker., J.E., Diatomite Filters for Swimming Pools, Journal
Amer. Water Works Assoc. Vol. 41, Sept. 19491 P• 801.
technique. At higher head losses through a filter unit there has been 
foun:i to be a tendency for bacterial break-through ., especially with 
the use of a more coarse grade of diatomite.(14) It is obvious that
(14.) Sanchis1 J.M. and Merrell, J. c., op. cit., p. 492.
effective water protection requires adequate chemical disinfection 
of the diatomite filter effluent. 
Turbidity removal efficiencies for diatomite .tilters have been 
reported to be close to one hundred percent under all operating con­
ditions(15). Turbidity determinations are usually quite inaccurate, 
(15) Thompson, R. E. Diatond.te Filtration, Water and Sewage, Vol.
85, Sept. 1947, PP• 31, 57-58, �.
especial.l.y at very low concentrations of suspended matter in the water, 
16 
but a standard procedure has been outlined by the American Public 
Health Association which will provide fairly accurate results if used 
with care.( 16) All studies, that have been made concerning the 
(16) Standard Methods For the Examination of Water, Sewage and
Industrial Wastes, Amer. Public Health Assoc., Inc., 10th ed.,
1955, PP• 207-211.
turbidity removal efficiencies of diatomaceous earth water filters, 
have fol.lowed the above mentioned procedure. 
Hydraulic flow characteristics of a particular filter media are 
dependent upon the following factors. 
1. Rate of flow of water through the filter media.
2. Initial hydraulic resistance of the filter media.
3. Final hydraulic resistance of the filter media after
filtration of a certain volume of water.
4. Effective area of the filter.
5. Raw water turbidity.
The above factors, which must be considered when investigating the 
hydraulic characteristics of a filter media, present a fairly complex 
system of interrelated constants and variables which can be quite 
difficult to gather together into a single factor which will represent 
all the hydraulic characteristics of a particular filter material. 
Boucher, an English engineer, was concerned with a similar 
situation when he was investigating the increase of hydraulic 
resistance across a water treatment plant intake screen. Cl?) These
(17) Boucher, P. L., A New Measure of the Fi.ltrability of Fluids with
Applications to Water Engineering, Journal o:f the Institute of Civil
Engineers {British), Vol. 41 Feb. 1947, PP• b:J.5-440·
screens could be classified as rough £i1ters which remove a portion 
of the larger suspended matter in a raw water before the water enters 
the treatment plant. 
Boucher fo und that if various volumes of a raw water, at constant 
temperature and turbidity, were passed through a screen at a constant 
rate of flow, the increase of hydraulic resistance with respect to the 
volume of water filtered was proportional to the hydraulic resistance 
after filtration of any given volume of water. This relationship was 
found to be true based on laboratory experimental results, and can be 
expressed mathematically as follows: 
dH = nH
dV 
Where d.H/dV represents the increase of hydraulic resistance (d.H) 
caused by the filtration of dV volume of water, n being the constant 
of proportionality, and H the hydraulic resistance after filtration 
of V volume of water. Integrating the above expression results in 
the following relationship: 
H = menv
Where m is the constant of integration. 
The above expression � be rewritten as follows: 
logeH = nV + logem•
which can be recognized as the equation of a straight line if logeH 
is plotted against the volume (V), n being the slope of the straight 
line plot and m the initial value of the hydraulic resistance. The 
slope of the straight line plot is called the filtrability index by 
Boucher and denoted by I. (18) Therefore, the following expression may
(18) Ibid., P• 426.
be written, letting m equal Ho: 
n = I = ! loge i!L.l v THoY 
where Ho represents the initial hydraulic resistance of the :tilter, H 
the hydraulic resistance after filtration of V volume of water. 
It is apparent from the preceding discussion, that for any 
specific type of filter media, the filtrability index will vary with 
the raw water quality and if the quality of the raw water be held 
constant, the filtrability index will be a measure of the hydraulic 
characteristics of the filter media. 
Studies have been made, by the IDs Angeles Department or Water 
and Power, which indicate that a definite relationship exists between 
the riltrability index of a raw water and the amount of diatomaceous 
earth required for the most economical operation of the filter unit. 
(19) These studies present a method or predicting the optimum amount 
{19) Sanchis, J. M. and Merrell, J. c., op. cit., pp. 482-491. 
of diatomite necessary for body feed and precoat of the fi1ter, when 
the filtrability index of the raw water is lmown. Since such a study 
is beyond the scope of this paper, a discussion of the methods used 
by Sanchis and Merrell in predicting the optimum diatoma.ceous earth 
requirements will not be attempted. 
19 
DISCUSSION 
In order to investigate the bacterial removal and turbidity 
removal efficiencies and hydraulic efficiency of fifferent materials 
which possibly could be used as an emergency substitute for diatomaceous 
earth, it was necessary to construct a small diatomi.te type filter that 
would operate in the same manner as the larger units used by the military 
services, and also choose a grade of diatoma.ceous earth to be used as a 
basis for comparison with other types of filter media. 
Utilization of equipment readily available to the Civil Engi-
neering Department, Missouri School of Mines and Metallurgy, was 
necessary in order to financially enable the construction of a small
diatomite type filter unit. Figure No. 7 is a photograph of the unit 
constructed for this study. A heavy plastic cylinder was used as the 
filter shell in order to allow easy observation of the effectiveness of 
the precoat and backwash operations when using different types of filter 
media. The septum element itself consists of a wire mesh of galvanized 
steel welded to circular support rings, forming a wire mesh cylinder 
which is covered with a filter sleeve. The filter sleeve is made of 
acrylic fiber filter cloth of a weave especially designed for water­
diatomite filtration service. ( 20) The acrylic fiber, while exceedingly 
(20) Diatomite Filters, General Filter Company Bulletin No. 5566,­
Nov. 1955, P• 3.
strong, is also somewhat elastic, thus enabling the sleeves to expand 
for backwashing and to contract for the filtering cycle without any 
breakage of the cloth fibers. Figure No. 8 is a photograph of the 
septum element used in this study. A pressure gage tap was installed 
i'igure No. 7 
FlLTER UNIT 
CONSTRUCTED FOR STUDY 
Figure No. 8 
,SEPTUM ELEMENT USED IN STUDY 
on the metal plate, which serves as the top of the filter shell, be­
tween the filter shell and the septum element, and another pressure 
gage installed on the filter discharge line, thus enabling a direct 
determination of the head loss across the septum element at different 
stages in the fil.ter run. Figures No. 9, 10 and ll are flow diagrams 
of the study filter unit during the precoat, filter and backwash 
operation, respectively. 
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Figure no• 11 
,-(open) 
FLOW DIAGRAH OF S'I'T_:DY FILTER 
UNIT DURD;G BACKWASH OPERA1I1ION 
WATER 
Figure No. 12 is a photograph of the filter unit during the precoat 
Figure No. 12 
�TUDY .FILTER UNIT DURING PRECOAT OPERATION 
operation, diatomaceous earth being used as the filter media. The 
water-diatomite · slurry j.s at this time being recirculated from the 
precoat tank, through the pump and.filter unit, and back to the precoat 
tank; the suspended diatomite being deposited upon the filter sleeve. 
Figure No. 13 is a photograph of the unit after precoating has been 
completed, note the even coating of diatoma.ceous earth on the septum 
element. Figure No. J4 shows the unit just before backwashing, sus­
pended matter in the raw water has caused progressive blockage or the 
,Figure No. 13 
STUDY FILTER UNIT AFTER 
BRECOATING HAS BEEN COMPLETED 
diatomaceous earth layer on the septum element, note the somewhat 
darker color of the diatomite layer on the septum, which is caused by 
the material filtered from the raw water. Figure No. 15 shows the 
filter just after the flow of water through the unit has been reversed, 
thereby washing to a proper point of disposal the used diatomaceous 
earth. 
Filter materials that are difficult to backwash easily require the 
use of large quantities of filtered water for backwash purposes, and 
also necessitate frequent dismantling of equipment in order to manually 
Figure No. 14 
STUDY FILTER UNIT 
.JUST BEFORE BACKWASHING 
7 
Figure No. 15 
STUDY FILTER UNIT 
DURING BACKWASH OPERATION 
clean the septum elements, therefore, the ability of a filter media to 
backwash easily is an important consideration when studying the feasi-
bility of using various alternative filter materials in existing 
diatomite type filters. The ability of the various filter materials, 
studied in this paper, to backwash easily was determined from a visual 
observation of the backwash procedure. 
Johns-Manville rroducts Corporation, which mines and processes 
diatomaceous earth from Lompoc, California deposits under the trade 
name "Celite", indicates that the four most commonly used grades of 
diatomite for water filtration purposes are, Hyflo-Super-Cel, Celite 
503, Celite 535 and Celite 545.(21) In this group of diatomaceous 
(21) Bell, G. R., Filter Aids and Septums - Their Problems, Discussion,
Adv. Base Water Supply & Sanitation Symposium, U. S. Naval c. E.
Research & Eval. Lab., Port Hueneme, Calif., Oct. 1953.
earth filter materials, Hyflo-Super-Cel and Celite 535 are used for
military water filtration purposes. Celite 503 is a grade of 
diatomaceous earth with flow characteristics intermediate between 
Celite 535 and Hyflo-Super-Cel and therefore, was chosen as the grade 
of diatomite to be used for comparison with other types of filter 
materials in this study. 
The following is a list of the characteristics which have been 
determined for the control filter media, Celite 503, and the alter-
native filter materials studied in this paper: 
1. Microscopic appearance.
2. Efficiency in removal of turbidity.
3. Efficiency in removal of bacteria.
4. Hydraulic flow characteristics through the filter media.
5. Ease of backwash.
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It should be noted at this time, that a determination of the 
quantities of different types of filter materials required for body 
feed, has been omitted. While body feed considerations are important 
for industrial or municipal installations, they are not as important 
when considering portable units that are to be used in the field. 
Body-feed determinations are omitted for the following reasons: 
1. One of the most troublesome features of the portable military
diatomite filter unit is the body-feed apparatus. Quite often,
the use of this auxiliary apparatus is avoided because of the
difficulty in adjustment and the frequent clogging that is
usually encountered.
2. Accurate body-feed determinations would necessitate the pur­
chase of expensive proportional feed pumps.
3. Due to the limited amount of time for this s tudy, it was im­
possible to include all factors which could be determined.
Body feed studies, for diatomaceous earth alone, would have
consumed as much time as was required to complete this entire
study.
Microscopic comparisons of the different types of filter materials 
were made with a standard research microscope. Photomicrographs of the 
different materials at two hundred times magnification are shown with 
the discussion of each material, thus enabling a direct microscopic 
comparison of the characteristics of the alternative filter media with 
Celite 503. A rough prediction of the performance of each type of 
material may be made by comparing the photomicrographs. For example, 
the porous structure of the diatomite particles shown in Figure No. 1 
indicates that a layer of these particles would offer relatively little 
3:1 
initial resistance to the passage of water, but would still be effec­
tive in the removal of suspended matter in the form of bacteria or 
turbidity. 
Effectiveness of the different types of filter materials in re­
moval of turbidity from a water was determined by collecting small 
quantities of the filtered water at different times in each filter run. 
The turbidity of the raw water was held constant at eighteen standard 
turbidity units by frequently stirring a small quantity of mud, 
collected from the edge of a pond, into the raw water storage tank. 
Frequent sampling of the water delivered to the filter was necessary 
in order to maintain a constant turbidity. Raw water and filtered 
water samples were compared with samples of known turbidity, termed 
turbidity standards. 
Turbidity standards were prepared using water from the raw water 
storage tank in order to avoid, as much as possible, any errors that 
might be introduced due to slight differences in color or appearance 
of standards prepared with other sources of water. A sample of 
approximately forty turbidity units was prepared by adding a small 
additional amount of mud to the water from the raw water storage 
tank, and the exact turbidity determined with the Jackson candle 
turbidimeter, which is accurate for measurement of turbidities down to 
twenty five standard turbidity units. Dilutions, in concentrations of 
20, 18, 16, 14, 10, 7.5, 5, 3, 2, 1, 0.5, and 0.25 turbidity units, 
were prepared with water from the raw water storage tank that had been 
filtered through diatomaceous earth and then through an ultra-fine 
millipore filter, which is commonly used for filtration of bacteria 
from a water sample. A small quantity of mercury chloride solution was 
added to each·dilution in order to prevent changes of the turbidity 
standards due to microbiological growth. 
The Jackson candle method<22 ) of measuring turbidities is based 
{22) Standard Methods For Examination of Water, Sewage and Industrial. 
Wastes, op. cit., pp. 207-211. 
upon the light path of a suspension which just causes the image of a 
standard candle flame to disappear, that is, to become indistinguishable 
against the general background illumination when the flame is viewed 
through the suspension. The greater the light path, the lower the 
turbidity. The Jackson candle turbidimeter shown in Figure No. 16, 
Figure No. 16 
,JAGKSON C.A.NDLE TURBID:IMETm 
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consists of a glass tube calibrated in turbidity units and a standard 
candle; the glass tube being supported in a vertical position so that 
the center line of the tube passes through the center line of the 
candle. The calibrated Jackson tube is shielded, with a metal tube, in 
order to prevent erroneous results due to excessive background 
illumination. 
Turbidity determinations are made by pouring the sample to be 
tested into the glass tube until the image of the candle flame just 
disappears from view, a uniformly illuminated field with no bright 
spots should be observed at this stage. The sample turbidity, in 
standard turbidity units, is read directly from the calibrated glass 
tube. 
Dilutions, in concentrations previously noted, were used in tur­
bidity detenninations for samples less than twenty five standard tur­
b idity units, which was the case in all samples tested since the raw 
water turbidity was held constant at eighteen turbidity units. Figure 
No. 17 is a photograph of the comparitor used in comparing the sample 
of unknown turbidity with the sample of known turbidity. The sample 
of unknown turbidity was placed in a one hundred milliliter glass tube 
and the turbidity standards in identical glass tubes, then the sample 
and a standard of known turbidity were placed in the comparitor and the
standards exchanged until one was found to match the turbidity of the
unlmown sample. 
Since the filtration rate was held constant at two gallons per 
minute per square foot of filter area for each type of material that 
was considered as a possible alternative filter media, it was possible 
to determine a comparative turbidity removal efficiency for each of the 
-- ·- .. ---...c....• 
Figure No. 17 
�OMPARITOR FOR La-T TURBIDITY DETERMINATIONS 
. ,. 
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materials. Graphs, showing the turbidity removal efficiency of each 
material vs. accumulative quantity of water filtered, are included with 
the discussion of each prospective filter media. The higher turbidity 
efficiencies at later atages in the filter runs, is due to the pro­
gressive blocking of the channels between .tilter media particles, thus 
clogging the larger channels of flow through t.he media layer and re­
sulting in greater turbi.d1t7 removal ef'.f.:Lciency and increased head-1(.)ss 
#' 
. .,., .. . 
through the filter. If the head-loss were allowed to increase very 
r apidly due to lack of control of the filter rate, or if the filter were 
operated at relatively high head-losses, some of the clogged channels 
would be opened due to forcing through of the particles clogging the 
channels through the filter layer. Very slight variations in turbidity 
were not noticeable in this study because turbidity determinations 
could not be measured with the accuracy that would be necessary to de­
tect these variations. Variations in bacterial efficiency were, how-
ever, noted and in the case of uncontrolled filter rate through Celite 
503 and several other filter materials, a definite bacterial break-
through was detected due to a forcing through, in this case, of 
bacterial cells through the filter media layer at high head losses 
across the :r.i.lter unit. 
To aid in turbidity determinations, it was possible to hold the 
turbidity of the raw water constant, however, the bacterial quality of 
the raw water was impossible to hold constant and therefore, it was 
necessary to frequently sample the raw and filtered. water during each 
filter run for bacteriological purposes. Bacteriological. samples were 
collected in sterile sample bottles after flushing the sample taps for 
at least one minute with the water to be sampled. Sample taps were in­
stalled to enable sampling of the water being delivered to the septum 
element and the water just after filtration had taken place. 
Bacteriological efficiencies were determined by the standard plate 
count method(23) which is not a total count in the sense of representing 
(23) Ibid., PP• 373-374•
all the bacteria present, but is made for comparative purposes and 
naturally does represent a larger group of bacteria than just the 
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coliform group. The standard plate count is, in effect, an indication
of the number of bacteria per milliliter of sample, however, certain
groups of microorganisms will not grow on the laboratory media at the
temperature used for incubation, therefore, the results are not re­
ported as the number of bacteria per milliliter, but simply as the 
standard plate count. At least five series of samples were collected 
in each filter run, each series consisting of one sample before 
filtration and one sample after filtration. The procedure used in 
making the standard plates for count determinations is illustrated in 
Figure No. 18. After addition of the sample dilutions to their re­
spective petri dishes, ten milliliters of sterile tryptone glucose 
extract agar was added to each petri dish, the dish then rotated gently 
to rnbc the sample thoroughly with the agar. The agar was then allowed 
to solidify and the petri dishes were incubated for a period of twenty 
four hours at thirty seven degrees centigrade, after which the number 
of bacteria colonies were counted on plates developing between thirty 
and three hundred colonies. The reciprocal of the dilution times the 
colony count is equal to the standard plate count of the sample tested, 
By collecting raw and filtered water samples at different times in 
each filter run and determining the standard plate count of these 
samples, it was possible to obtain a percent reduction of the bacterial 
content of the water when filtered through different types of filter
materials. Graphs, showing the bacterial removal efficiency vs.
accumulative quantity of water filtered, are included with the dis­
�1BH:i nn of each orospecti ve filter material. 
In order to obtain a true bacterial efficiency for a filter media, 
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be included with the £ilter media used £or precoating the septum ele­
ment. Dry heat sterilization was used whenever possible and accom­
plished by placing the £ilter media in a closed pyrex dish and heating 
it to a temperature of one hundred and eighty degrees centigrade for a 
period of three hours. Where dry heat sterilization procedures would 
i nfluence the structure of the media itself, a strong chlorine solution 
(50 ppm) was added to the filter media and a contact time of one hour 
maintained, af'ter which the filter material was rinsed with sterile dis­
tilled water containing a small quantity of sodium thiosul:f'ate, which 
will inmediately reduce the chlorine residual. The septum element it­
self was removed, washed and disinfected, using the above mentioned 
chl.orine solution, after each filter run. 
The hydraulic flow characteristics of any filter material is a
function of the initial head-loss through the filter media, when a 
constant rate of flow is maintained, and also of the increase of hy­
draulic resistance or head-loss across the filter media layer. Since 
the turbidity of the raw water was maintained constant at eighteen 
standard turbidity uni ts and the flow rate maintained constant, when­
ever possible, at two gallons per minute per square foot 0£ filter 
area, it was possible to obtain a straight line plot on semi-logarithmic 
paper when the accumulative quantity of water filtered was plotted on 
the standard graph scale against head-loss on the logarithmic scale. 
The slope of the straight line plot is defined by Boucher(24) as the 
(24) Boucher, P. L., op. cit., P• 426.
tiltrability index (I) and actually represents the increase of head-
1oss with respect to the accumulative quantity of water filtered. 
Graphs haTe been prepared and included with the discussion ot each type 
of filter material showing this relationship. When interpreting the 
graphs, it must be remembered that the initial hydraulic resistance 
offered by the filter media is important as well as the filtrability 
index (I). For some materials that were considered in this study, it 
was necessary to decrease the filter rate substantially because the 
head-loss increased veey rapidly at the constant filter rate of two 
gallons per minute per square foot of filter area, causing a situation 
where it was impossible to obtain sufficient pressure gage read.1.ngs 
before the maximum haad-loss obtainable with the equipment was reached. 
The total quantity of filter media necessary for complete precoat 
of the septum element was determined by a visual observation of the 
coating on the ��pt�. At least one half ounce of precoat material 
per square foot of filter area was found to be necessary for all . .'fil.ter 
materials tested in this paper. When quantities of precoat materia+ 
over that required to obtain an even coating on the septum element were 
used, it was found that only the initial head-loss through the unit was 
affected, al.l other factors remained constant, including the increase 
of hydraulic resistance. 
It should be recognized that the value of the filtrabi1it7 index 
(I) has not been completely utilized in this study because of the im­
possibility of making body feed determinations without the use of a 
p roportional feed pump. Such a study would be of great interest for 
Celite 50.3 and other grades of diatomaceous earth, as well as for cer­
tain of the materials investigated in this paper and found to be 
acceptable, with some limitations, as an emergency substitute for 
diatomite. 
The following is a list of the steps which were necessary in order
to evaluate the previously noted characteristics of each of the filter
materia1s studied in this paper. 
l. The prospective filter media was, when necessary, dried in
an oven, crushed in a rotary grinder, and screened in order to
obtain a uniform particle size.
2. The prospective filter media was sterilized.
3. The filter unit septum element was disinfected and installed
in the filter shell.
4. The filter was precoated using the filter material to be
tested, and the efficiency of the precoat operation noted.
5. The precoat water was allowed to circulate for a period of
twenty minutes, in order to flush the sample taps and filter
effluent lines.
6. The filter opeiration was started and a constant flow rate main­
taine� through the filter unit by frequently adjusting the
filtered water dis.charge val.ve.
7. At least five series of samples for each material. tested were
collected for bacteriolosical and turbidity determinations.
8. The head-loss at different stages in the filter run was noted
and recorded.
9. The unit·was backwashed and the ease of accomplishing.the back-
wash operation noted.
10. The septum element was inmediately removed from the filter shell,
cleaned and disinfected.
ll. The bacteriological samples were prepared for the standard plate
count determination and turbidity determinations were completed.
12. The tilter unit was reassembled and a total of at least two
additional complete confirmative runs, on each type of filter
media tested, were made.
4:i 
Celite 503 As A Filter Media 
The s tructure of the individual particles of Celite 503, as sho� 
in the photomicrograph of Figure No. 19, is quite varied. Close 
examination of the circular particle in the center of the photomicro-
graph reveals the presence of perforations which would allow the passage 
of a liquid, but not turbidity particles or bacteria. Flow capacity 
Figure No. 19 
PHaI'OMICROGRAPH OF CELITE 503 
PARTICLES (200 X MAGNIFICATION) 
through a layer of filter particles increases as the size of the 
particles increase. Of course, the size of the voids also increases as 
particle size increa ses, which results in decreased power of clarifica-
tion with increased flow capacity. The perforations, which are evident 
in a large percentage of the Celite 503 particles, allows a greater 
flow capacity through a layer of the relatively small particles. Since 
Celite 503 has proven to be an efficient filter media for water fil­
t.ration purposes, t.he photomicrograph of Figure No. 19 will be used for 
comparative purposes with photomicrographs of other prospective filter 
materials. 
Figure No. 20 is a graph showing the percent bacterial reduction 
vs. accumulative quantity of water filtered, when water is filtered 
through a layer of Celite 503 particles. The filtration rate has a very 
great effect on the percent bacterial reduction, as can be seen by 
comparison of the graph at a rate of two gallons per minute per square 
foot of filter area with the graph when the filtration rate is not 
controlled, that is, the filtration rate was allowed to vary from a 
maximum of approximately fifteen gallons per minute per foot of filter 
septum area to an almost negligable amount, the head-loss across the 
septum element remaining constant at twelve pounds per square inch, 
which was the maximum pressure possible to obtain with the equipment. 
A definite bacterial break-through was detected when the rate of 
filtration was not controlled and is shown in Figure No. 20. The 
bacterial efficiency at the controlled filter rate was quite high 
during later stages in the filter run and a bacterial break-through was 
not detected up to a head loss of twelve pounds per square inch across 
the filter, however, a bacterial break-through probably would occur at 
some higher head loss across the filter unit. 
Efficiency in reduction of turbidity, at both the controlled and 
uncontrolled filtration rate, was extremely high and is shown graphi­
cally in Figure No. 21. 
A uniform and even preeoat was obtained when one half ounce of 
Celite 503 was used for the precoat operation. Greater quantities of 
precoat only tended to increase the initial head-loss through the 
septum element. 
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The increase of hydraulic resistance through the Celite 503 filter 
media layer was rather rapid, as might be expected for an efficient 
filter material because of the clogging of the filter media passages by 
suspended material removed from the raw water. The graph of Figure No. 
22 illustrates this fact and will be used for comparative purposes with 
other types of filter materials. 
There was a slight tendency for Celite 503 particles to lodge in 
the,fj.lter sleeve, which would necessitate periodical dismantling of 
equipment for manual cleaning of the septum element. This tendency, 
due to the extreme variance in particle shape and size, results in the 
classification of Celite 503 as only fair in regard to backwash 
properties. 
Crushed Vermiculite As A Filter Media 
Vermiculite can be simply defined as a mica-like mineral. that 
expands when heated, chemically it is known as hydrated magnesium­
aluminum-iron silicate. The crude ore is cleaned and milled, then 
heated in a furnace to a temperature of approx:i.Datel.y two thousand 
degrees fahrenheit, which causes the water molecules trapped between 
the mical layers to expand forcing the layers apart and expanding the 
individual granules to at least twelve times their original size. The
resulting material, termed vermiculite, is most commonly used for
insulation purposes. 
In order to determine the practicality of using vermiculite as 
a substitute for diatomite in diatomaceous earth filter units, it was 
necessary to obtain a grade of vermiculite of much smaller particle 
size than can be normal.zy purchased on the market. This was accom­
plished by grinding the number three grade of comnercially avail.able 
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vermiculite in a rotary grinder and separating the resulting different 
particle sizes by screening through a number one hundred and a number 
two hundred screen, resulting in a grade of vermiculite passing a number 
one hundred. screen and retained on a number two hundred screen and 
another grade passing a number two hundred screen. Figure No. 23 and 
No. 24 are photomicrographs of the two grades of vermiculite which were 
studied in this paper. The resulting irregular shaped and cracked mica 
particles should, from analysis of the photomicrographs alone, prove to 
be acceptable as a filter media. 
Figure No. 23 
PHarOMICROORAPH OF CRUSHED 
VERMICULITE PASSING #100 
SCREEN, RETAINED #200 SCREEN 
(200 X MAGNIFICATION) 
_Figure No. 24 
PHGrOMICRCXiRAPH OF CRUSHED 
VERMICULITE PASSING #200 
SCREEN (200 X MAGNIFICATION) 
Figure No. 25 is a graph showing the percent bacterial reduction 
vs. accumu1ative quantity of water filtered ., wheri using the two 
different grades of vermiculite as a filter media. The bacterial 
efficiency of crushed vermiculite passing a number two hundred screen 
can be seen to be above Celite 503 at all stages in the filter run., at 
the same filtration rate. The more ooarse grade of vermiculite can be 
seen to have a lower bacterial efficiency than Celite 503 and a 
bacterial break-through was detected when the head loss across the unit 
reached approximately seven pounds per square inch. 
Effioiencies of the two grades of vermiculite in reduction of 
turbidity, at different accumulative quantities of water filtered, can 
be seen by the graph of Figure No. 26. Both grades have high turbidity 
reduction efficiency, the finer grade being more efficient than Celite 
503. 
Quantities of the two grades of vermiculite necessary for an even 
precoat were found to be the same as for Celite 503 (one half ounce per 
square foot of filter septwn area), the precoat operation being accom­
plished quite easi4" and resulting in a uniform coating on the septum 
element. 
The increase of the hydraulic resistance through a filter media 
layer of both grades of vermiculite studied was found to be lower than 
Celite 503, as shown in Figure No. 27, however, the initial head-loss 
through the 1'1er was greater, in fact, for vermiculite passing a number 
two hundred screen the initial head-loss was so great that an accurate 
measurement of the increase of hydraulic resistance was rather difficult 
to determine, due to equipment limitations of a maximum head-loss of 
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Both grades of vermiculite were easy to completely backwash, con­
siderably more so than Cel.ite 503, and requiring much less backwash 
water. 
The availability of vermiculite products for use as an emergency 
substitute for diatomaceous earth in field conditions, is a definite 
possibility. Where insulation material is used for construction pur­
poses, vermiculite can usually be located in engineer military supply 
units. Further extensive studies should be made in order to determine 
the effect body feed would have upon the increase of hydraulic re­
sistance when vermiculite is used as the filter media. 
Crushed Oyster Shells As A Filter Media 
Crushed oyster shells were considered as a possible substitute 
filter material for use 'With diatomite type filter units and, as in 
the case of vermiculite, it was necessary to screen the crushed material 
in order to obtain a uniform particle size. Photomicrographs of the 
two grades of oyster shells studied in this paper are shown in Figures 
No. 28 and 29. A direct comparison of the oyster shell particles with 
Celite 503 particles shows that the particles are somewhat larger than 
those of Celite 503, however, the individual particle shape is varied, 
and the material could be expected to prove an acceptable filter media. 
Efficiency of crushed oyster shells in the removal of bacteria 
from a water is shown in the graph of Figure No. JO. The finer grade 
of crushed oyster shells approaches Celite 503 in bacterial removal 
efficiency, however, the more coarse grade is definitely inferior. 
Turbidity removal efficiency, as shown in Figure No. 31, for the 
fine grade of crushed oyster shells was almost exactly the same at al1 
stages in the filter run as that ebtained when using Cel.ite 50.3. It 
Figure No. 28 
PHarOMICROGRAPH OF CRUSHED 
OYSTER SHELLS PASSING #100 
$CREEN I RETAINED #200 SCREEN 
(200 X MAGNIFICATION) 
Figure No. 29 
PHGrOMICROGRAPH OF CRUSHED 
OYSTER SHELLS PASSING #200 
SCREEN (200 X MAGNIFICATION) 
should be noted that it was necessary to reduce the filter rate con­
siderably (from 2 gallons per minute per square foot of filter area to 
0.6 gallons per minute per square foot of filter area) for the finer 
grade of crushed oyster shells, due to the extremely high initial 
head-loss offered by the filter media layer. 
The quantities of each grade of crushed oyster shells necessary 
to  provide an even precoat were found to be three quarters of an ounce, 
and even at the increased quantity of precoat, it was difficult to ob-
tain a uniform filter media layer on the septum element. 
Figure No. 3 2 is a graph showing the hydraulic resistance vs. 
accumulative quantity of water fi1tered, when water is filtered through 
a layer of crushed oyster shells passing a number two hundred screen. 
Since the initial head-loss through a 1'1'er of the more coarse grade of 
crushed oyster shells was extremeq high, and the bacterial and 
10. 20 0 
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Figure No. 30 





ACCUMULATIVE QUANTITY OF 

























Celi e 503 - 2 GPK/f't 
20 3 
A.CC1JMULATIVE QUANTITY OF 
\VATER FILTERED {GALLONS) 
Figure No. 32 
53 
0 
CRUSHED OYSTER' SHELLS - HEAD LOSS (PSI) vs
ACCUMULATIVE QUAifl'ITY OF V1/ATER FILTERED ( GALL0_1 S) 
turbidity removal efficiencies low, a determination of the increase of 
hydraulic resistance that would compare with Celite 503 was impossible, 
and therefore, the comparative hydraulic characteristics coul.d not be 
shown. 
The finer grade of crushed oyster shells (passing a number two 
hundred screen) could be considered as a possible substitute filter 
media for diatomite in existing diatomaceous earth filter equipment 
except for two important disadvantages, one being the necessity for 
considerable reduction in filter rate and the other being the diffi­
culty encountered in backwashing. Both grades considered in this paper 
were almost impossible to backwash because of the tendency of the 
particles to lodge in the filter cloth, due to their somewhat saw-tooth 
shape • .  If available, the finer grade of crushed oyster shells could be 
used in extreme emergencies, however, the above noted limitations must 
be considered. 
Silt Particles As A Filter Media 
Sandstone silt particles, which were obtained from a sample of 
ordinary clay found in the Rolla area, were considered as a possible 
alternative filter media for use in existing diatomite type .filters. 
Silt particles vary greatly in size and therefore it was necessary to 
screen silt samples for filter media evaluation in order to obtain a 
uniform particle size. The screened silt particles, graded as noted in 
the titles of the photomicrographs, were subjected to high temperature 
treatment. This was accomplished by placing the particles in a covered 
container and heating them over a Fisher burner. In this way, any 
organic material which might have been present was oxidized and the silt 
particles were sterilized. Figure No. 33 through No • .35 are photomicro­
graphs of the graded silt particles tested in this study. An examination 
Figure No. 33 
PHOTOMICROGRAPH OF ORDINARY 
SILT PARTICLES PASSING #lJ.i-0 
SCREEN, RETAINED //200 SCREEN 
(200 X MAGNIFICATION) 
F,igure No. 35 
55. 
fi'igure No. 34 
�HOTOMICRffiHAPH OF ORDINARY 
SILT PARTICLES PASSING ;-1100 
SCREEN, RETAINED #200 SCREEN 
(200 X Iv1JJ\GNIFICATION) 
PHOTOMICROGRAPH OF ORDINARY SILT 
PARTICLES PASSING //200 SCREEN 
(200 X iv'AGNIFICATION) 
of the physical characteristics of the various grades of silt particles 
shown in the phot6rnicro graphs indicate that the particles have a defi­
nitely porous structure and should prove to be an effective filter 
media. 
Figure No. 36 is a graph showing the percent bacterial reduction 
vs. accumulative quantity of water filtered,Wlen the different grades 
of silt particles were used as a filter media. All bacterial effi­
ciencies were found to be quite high, and even in the case of the most 
coarse grade of silt particles, a bacterial reduction only slightly 
below Celite 503 was detected. 
Efficiencies of the various grades of silt particles in the re­
moval of turbidit,y from a. water a.re graphically shown in Pigure No. 37. 
A situation which normally would be considered quite unusual was de­
tected when testing silt particles passing a nwnber two hundred screen, 
these fine particles were not as efficient in the removal of turbidity 
from a water as the two more coarse grades of silt particles. This 
condition may be explained by recalling that all particles passing a 
number two hundred screen are not necessarily close to the screen 
size. Many particles, in the case of this silt gradation, probably 
approach colloidal size and would be allowed to pass directly through 
the septum element, or be steadily.forced through the more coarse 
particle layer on the septum element as the head-loss across the 
filter element is increased. 
The increase of hydraulic resistance through a filter media layer 
of each silt particle gradiation studied in this paper, is graphically 
shown in Figure No. 38. In the case c£ silt particles passing a 
number one hundred forty screen and retained on a number two hundred 
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abcve t'hat of Celi.te 503 and the filtrabi1ity index slightly less than 
that of the control media. The finer grades of silt particles pro­
duced the expected higher initial head-losses and satisfactory 
filt:rability indices. 
Quantities cf a11 grades of silt particles necessary for an even 
precca t, did not var.? .frcm the standard of one half ounce per square
:foot of filter septurc area, the precoat cporation being, in alJ. cases, 
easily accor-tplished. 
All three grades of silt particles tested were rather difficult 
to corr,pletely backwash, hoWE)Ver, no more so than Ce1ite 50J and re­
quiring no n,o:re back-wasb water tran the control filter media. 
The availability of' silt particles under field conditions is 
naturally unj_versal, however, the effectiveness of different types of 
silt particles as a filter media is still an interesting problem 
which warrants, in the opinion of the author, further study. Such a 
study has not been attempted in this paper for the following reasons: 
1. The collection and de-termination of the geological back­
ground of Jifferant types o.f silt particles from different
ccuntrie s, as well as the evaluation of each type as a
filter media, would constitute a quite lengthy study in
itself.
2. A complete evaluation of any one type of filter rnedia should
also include a determination of the effect body feed would
have upon the increase of hydraulic resistance.
There is a definite possibility that silt particles from different 
geographic locations would be acceptable as an emergency filter media 
for use in diatomite type filters. 
Calcined Individual Particles As A Filter Media 
Calcined individual particles are kaolinite clay particles that 
have been ·calcined at one thousand degrees centigrade and graded with 
respect to particle size. The sample of the grade of calcined indivi-
dual particles tested in this paper was obtained through the courtesy 
of Georgia Koalin Company of Dry Branch, Georgia. The particle size 
distribution in this particular sample was from two microns to forty 
microns and Figure No. 39 is a photomicrograph of the particles. In 
Figure No. 35 
'PHOI'CMICROGRAPH OF CALCINED 
,INDIVIDUAL PARTICLES (200 X MAGNIFICATION) 
comparison with Celite 503 particles, calcined individual particles are 
extremely small, and therefore it would be expected that this material, 
when used as a filter media, would be very efficient, but have a high 
initial head loss and a rapid increase of hydraulic resistance. 
6:l 
Figure No. 40 illustrates the percent bacterial reduction at 
different accumulative quantities of water filtered when using cal­
cined individual particles as the filter media. The initial bacterial 
reduction was zero percent, however, the bacterial removal efficiency 
increased rapidly to a point above the efficiency of Celite 503 indi­
cating that the high final bacterial efficiency was due to filtering 
action of the material filtered from the raw water, a bacterial break­
through being prevented, within the limits of the equipment, by the 
small filter media particle size. 
Turbidity removal efficiency very closely paralleled that of 
Celite 503, as shown in Figure No. 41. The high turbidity removal 
efficiency causes the bacterial removal efficiency to increase 
rapidly due to the effectiveness of the calcined individual particles 
in removing the turbidity particles, which in turn serve as an effec­
tive filter media themselves. 
Figure No. 42 illustrates the increase of hydraulic resistance 
through the filter when calcined individual particles were used as the 
filter media. The actual rate of increase was somewhat lower than 
that of Celite 503 and the initial head-loss offered by the filter 
media was relatively low. 
The backwash operation, when calcined individual particles were 
used as the filter media, was accomplished as easily as with Celite 
503, but'not as easily as when vermiculite was used as the filter 
media. 
Calcined individual particle cannot be considered easily avail­
able under field conditions, however, for industrial or municipal uses 
this material could be considered as an effectiv• filter media, even 
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This statement is made because in municipal supplies, where filtration 
of the water is necessary, chlorination is always required and is 
effective in killing most pathogens. Since the amebic cyst is as 
large in size as most turbidity particles found in a water, removal 
of the causative organism of arnebic dysentery is indicated by the high 
turbidity re��val efficiency at all stages in the filter run. 
Crushed Charcoal As A Filter Media 
The use of particles of crushed charcoal as an emergency substi­
tute filter media was considered and photomicrographs of the two 
grades of crushed charcoal tested in this paper are shown in Figure 
No. 43 and Noo 44. The very large size and solid nature of both tbe 
charcoal passing a number one hundred screen and retained on a number 
two hundred and the grade passing a number two hundred screen, indi­
cates that this material would probably be unsatisfactory as a filter 
media for use in diatomite type filters. 
The above prediction was found to be true after the bacterial and 
turbidity removal efficiency of both grades· of crushed charcoal was 
determined to be zero. After passage of a total of one hundred gallons 
of water through the charcoal filter layers, only a slight increase of 
hydraulic resistance was detected (on the order of about one fourth psi). 
It was impossible to backwash both grades of crushed charcoal and 
therefore, in every respect, this material can be classified as an un­
satisfactory emergency filter media for use in existing diatorr�te type 
filters. 
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Figure No. 43 Figure No. 44 
PHCJ.rONICROGRAPH OF CRUSHED 
CHARCOAL PARTICLES PASSING 
fil:100 SCREEN, RETAINED #200 
SCREEN ( 200 X MAGNIFICATION) 
PHarOMICROGRAPH OF CRUSHED 
CHARCOAL PARTICLES PASSING 
#200 SCREEN 
Rock Wool Insulation Material, Powdered 
Rubber Particles, Powdered Leather Particles, Saw­
dust Particles and Ordinary Paper Pulp as Filter 
1'11.aterials 
A separate discussion of each of the materials shown in Figures 
No. 45 through 50 is not warranted since all were fcund to be un-
satisfactory, in almost every respect, as an emergency substitute for 
diatomaceous earth in existing diatomite type filter units. 
Finally divided rock wool insulation material was found to allow 
passage of almost all turbidity particles and consequently no bacterial 
reduction was detected at every stage in the filter· run. Hydraulic 
resistance through the filter media layers was found to increase only 
slightly ( on the order of one half psi) after filtration of a total of 
one hundred gallons of water. Quantities of the filter material used 
figure No. 43 
PHOTCMICROGRAPH OF CRUSHED 
CHARCOAL PARTICLES PASSING 
#100 SCREEN, RETAINED #200 
SCREEN (200 X MAGNIFICATIO 1)
Figure No. 41+ 
PHOI'OMICRCGRAPH OF CRUSHED 
CHARCOAL PARTICLES PASSING 
#200 SCREEN 
Rock Wool Insulation Material, Powdered 
Rubber Particles, Powdered Leather Particles, Saw­
dust Particles and Ordinary Paper Pulp as Filter 
Materials 
A separate discussion of each of the materials shown in Figures 
No. 45 through 50 is not warranted since all were found to be un-
satisfactory, in almost every respect, as an emergency substitute for 
diatoma.ceous earth in existing diatomite type filter units. 
Finally divided rock wool insulation material was found to allow 
passage of almost all turbidity particles and consequently no bacterial 
reduction was detected at every stage in the filter run. Hydraulic 
resist�ce through the filter media layers was found to increase only 
slightly (on the order of one half psi) after filtration of a total of 
one hundred gallons of water. Quantities of the filter material used 
·Figure No. 1+7
PHC'I'OMICROGRAPH CF FC'tJTJEH.ED 
LEATHER PARTICLES (200 X 
MAGNinCATION) 
Figure No. 49
PHOTOMICB.ffiRAPH OF SA�'JDUS'l1 
PARTICLES PASSING /160 SCREEN 
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PHCTOI�acRCGRAPH OF SAWDUST 
PARTICLES PASSING #100 SCREEN, 
RETAINED /
t
200 SCRSEN (200 X 
EAGNIFICATION) 
.found to be relati vcly low at all stages in the filter run ( en the 
order of about seventy percent) and bacterial reduction was zero at 
all stages. The hydraulic resistance to passage _of water was found 
to increase only slightly for both grade� of sawdust and a definite 
orange-brown color was seen to develop in the filtered water one hour 
after filtration. Backwash was almost impossible to accomplish due to 
the irregular particle shape. 
Since wood pulp is used for industrial filtration purposes, the 
possibility of using ordinary paper pulp, prepared from shredded news-
papers, as an emergency filter media was considered. As a filter 
media for use in diatomite type filters, paper pulp exhibited a vecy 
low almost in.measurable bacterial reduction and only a slightly better 
turbidity removal efficiency. The precoat operation was hampered con-
siderably by the inability of the paper pulp to produce an even coating 
on the septum element, even when great quantities of the filter media 
were used .for precoating. The bach'Wash operation was rather difficult 
to accomplish due to the tendency for the fine paper pulp particles to 
lodge in the filter sleeve. 
Relationship Between Filtrability 
Index (I) and Bacterial Efficiency 
A relationship was found to exist between the filtrability index 
of different filter materials and.the percent bacterial reduction at 
different stages in each filter run. This relationship, or trend, 
sho'Wn in the graph of Figure No. 51, indicates that bacterial re-
duction increases with the filtrability index and the total quantity 
of water filtered. 
If the bacterial efficiency, at different stages in a filter run, 
and the filtrability index, of a certain filter media, be determined 
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similar to that of Figure No. 51 plotted; it should be possible to pre­
dict the approximate bacterial efficiency of a filter material from a 
determination of the filtrabili.ty index alone. This idea is strength­
ened by the realization that the filtrability index is an indication 
of the rate at which the passages in the filter media layer are being 
clogged. 
Since a relationship was found to exist between the filtrability 
index and the bacterial efficiency, it might also be expected that a 
relationship between the filtrability index and turbidity removal would 
exist. Because of the inability of existing equipment to accurately 
measure low turbidity concentrations, this expected relationship was 
not detected; however, such studies would be of definite interest. 
The demonstration of a relationship between bacterial efficiency, 
and filtrability index, and the suspicion that a relationship probably 
does exist between the filtrability index and the turbidity removal 
efficiency, leads to an interesting -conclusion. Possibly a new term, 
the absolute turbidity, could be expected to more completely describe 
the characteristics of a raw water in regard to suspended. matter. 
The proposed term (absolute turbidity) could be defined as the increase 
of hydraulic resistance, at a constant flow rate, through a fine, 
uniform filter media. The neces�ity for standardization of the equip­
ment and the filter media is obvious. This could be quite easily 
accomplished after the completion of pilot studies. Such studies, com­
paring the increase of hydraulic resistance through the standardized 
filter media layer, with the turbidity of a water determined by the 
Jackson candle or other standard methods, would be, in the opinion of 
the author, a valuable contribution to the water works industry which, 
at the present time, is endeavoring to develop more accurate methods 
for determination of turbidities. 
SUMMARY AND CONCLUSIONS 
A summary of the results obtained with each type of prospective 
filter media studied in this paper is shown in Table I, along with an 
overall rating of the possibility of using each prospective filter 
media as an emergency substitute for diatomaceous earth. The overall 
rating includes an evaluation of all of the other items listed in 
Table I, plus a consideration as to the availability under field con­
iitions. In event diatomaceous earth is not available, or in short 
supply, the following listed materials may be considered as an 
acceptable substitute in existing portable diatomite type filters. 
1. Vermiculite, passing a number one hundred screen and
retained on a number two hundred screen, at a filtration
rate of two gallons per minute per square foot of filter
septum area.
2. Vermiculite, passing a number two hundred screen, with the
realization that a high initial head-loss will be en­
countered across the filter unit at the filtration rate of
two gallons per minute per square foot of filter septum
area, however, a higher bacterial reduction efficiency will
be obtained than when using the more coarse grade of
vermiculite.
3. Silt particles, passing a number one hundred screen and
retained on a number two hundred screen, at a filtration
rate of two gallons per minute per square foot of filter
septum area, however, an investigation or the characteristics
of the particular silt particles encountered in the area must
be accomplished.
CH:ARAC rl1ER IS11 IC S 
TYPE OF 
.FILTER MEDIA 
CELITE ,503 - Control
VERMICULITE - Pass lOC 
Retained 200 Screen 
VERMICULITE -
Pass 200 Sere en 
OYS� SEELLS - Pa.BS 
100 Retained 200 
OYSTER SHELLS -
Pase 200 Screen -:z.
SILT - Pass 100 
Retained 200 Screen 
SILT - Pass 140 
Retained 200 Screen - -
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* Filter rr:1te reduced to o.6 .GPM/rt2 .
TABLE I 
4. Silt particles ., passing a number one hundred and fort.y
screen and retained on a munber two hundred., with the same
.qualifications as applied to that grade of silt particles
passing a number one hundred screen and retained on a
number two hundred screen.
The experience gained by the autbor in this study leads him to 
believe that the following items merit further consideration: 
1. An investigation of other types of prospective filter
.rnaterials.
2. A study of the effect of body feed on the increase of hy­
draulic resistance when water is filtered through a layer
of silt pa.rticles with various geological backgrounds .,
vernuculite particles ., and calcined individual particles.
73 
J. A study of the relationships between the filtrability index
and the optimum amount of precoat and body feed, when using
any one particular filter media.
4. An investigation, using properly designed equipment ., of the
absolute turbidity theory advanced by the author.
5. A further study of the relationship between the filtrability
index and the turbidity and bacterial reduction efficiencies.
While this paper outlines a definite procedure to be used in 
approaching the study of different types of filter materials ., it 
should not be considered to be complete in the sense that all possible 
filter materials have been considered., but rather indicates the 
exi.stance of such na.terials. In the opinion of the author, the pro­
cedures developed and the relationships observed in this paper will 
be valuable in expiditing further investigations in this field. 
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